88                                                                                  IN SITU BIOREMEDIATION

than those of the other phenomena, and the model can consider only
the phenomena having relatively high rates. If the biodegradation
rate is high enough that it should remain in the model, the model
provides prima fade evidence that bioremediation is working. Solu-
tion of the complete model can verify the evidence.

Limitations of Models

Although a powerful tool, modeling has its shortcomings. One
shortcoming is that a model's validity must be established on a site-
by-site basis, because no ''off-the-shelf models are available for evaluating
bioremediation on a routine basis. Although a drawback in terms of
time and cost, model validation may be a net advantage because it
results in a more complete understanding of the site. Another limita-
tion is that determining each of the many modeling parameters (such
as hydraulic conductivity, retardation factors, and biodegradation rate
parameters) may be as demanding and expensive as making the mea-
surements for other types of verification criteria. Thus, a trade-off
may exist between better modeling and more field measurements.

Despite its limitations, modeling should be a routinely used tool
for understanding the dynamic changes that occur in field sites dur-
ing bioremediation. Although the complexity and type of model can
vary, modeling is a valuable tool for linking conceptual understand-
ing of the bioremediation process with field observations and for
giving weight to a limited set of data. Even if site complexities pre-
clude assembling a model that provides valid quantitative predic-
tions, models are valuable management tools because they integrate
many types of information relevant to the fate of contaminants.

LIMITATIONS INHERENT IN EVALUATING
IN SITU BIOREMEDIATION

Because the subsurface is complex and incompletely accessible,
knowledge of the fate of ground water contaminants always will be
limited. This situation is intensified for in situ remediation technolo-
gies of any type, because frequently the amount, location, and type
of contamination are unknown. Without knowing the starting point
for a remediation, defining the finishing point is difficult. Errors in
measurements, artifacts imposed by extrapolating lab results to the
field, and an inherent shortage of data further complicate the evalua-
tion and create uncertainty about the performance of a remediation
process. For example, in analyzing chemical concentrations in ground
water, a large number of samples from spatially different locations